Objective-To investigate the neutrophil-to-lymphocyte ratio (NLR) from peripheral blood, a general measure of inflammation, in ovarian cancer.
Introduction
A general measure of inflammation and oxidative stress in peripheral blood is the ratio of neutrophils to lymphocytes (NLR)--not to be confused with another NLR in immune jargon, NOD-like receptors [1] . The neutrophil to lymphocyte ratio correlates with disease severity and prognosis for many different malignant and non-malignant diseases. [2] . [3] Diseasepredisposing conditions, like obesity, the metabolic syndrome, and smoking are also associated with elevated NLR; and both the NLR and disease risk can be lowered by weight loss or smoking cessation. [4] [5] [6] [7] These observations suggest the NLR is not simply a reflection of end-stage illness but may be involved in disease pathogenesis as well.
For ovarian cancer, NLR measured before diagnosis can identify CA125-negative cases and is more sensitive than CA125 in predicting survival. [8] That an elevated NLR predicts ovarian cancer prognosis is not surprising since both the neutrophil count and the lymphocyte count individually correlate with survival but in opposite directions. A higher neutrophil count, as well as total white blood cell count (WBC), and a lower lymphocyte count predict poorer survival. [8] [9] [10] [11] [12] That CA125 may bind to certain leukocyte sub-populations suggests a relationship between NLR and CA125 that is much stronger than the two simply being complementary markers. [13] In this study, we have conducted a more detailed examination of pre-operative WBC, differential counts, and the NLR in women with ovarian cancer and their correlations with tumor features, CA125, epidemiologic factors, and overall survival.
Methods

Case population
Women with ovarian cancer in this study were enrolled from two protocols-one that recruits patients before surgery for a pelvic mass and a second after a diagnosis of cancer has already been made. Details regarding these protocols have been previously described. [14] Briefly, both protocols are approved by the Brigham and Women's Hospital (BWH) and Massachusetts General Hospital (MGH) Institutional Review Boards allowing for questionnaires, specimen collection, and medical record reviews. The pelvic mass study recruited subjects from Gynecologic Oncology Clinics at MGH and the BWH/Dana Farber Cancer Institute (DFCI). Although the case-control study recruited cases from throughout eastern Massachusetts and New Hampshire, only patients diagnosed at BWH/DFCI and MGH were included for comparability to the pelvic mass group and feasibility in retrieving CA125 and WBC counts. Between 1992 and 2013, 455 cases from the pelvic mass study and 1,029 cases from the case-control study were enrolled from the three hospitals.
Questionnaire and medical record data
Patients enrolled in the pelvic mass study completed self-administered questionnaires and those enrolled in the case-control study completed longer questionnaires administered by study staff. Demographic data, reproductive history, key exposures, and medical and family history were collected. Medical records and computerized laboratory reports were reviewed to determine whether CA125 and WBC had been obtained prior to any therapy. We were able to obtain a preoperative CA125 within one month of the date of diagnosis for 305 (67%) of the pelvic mass cases and 559 (51%) of the case-control cases. Among these, 519 ovarian cancer cases [187 (61%) from the pelvic mass cases and 332 (59%) from the casecontrol study] also had a WBC within 14 days of the CA125 and prior to therapy. Age and histologic distributions were similar for cases with and without CA125 and WBC values available for analysis. Tumor characteristics, presence of ascites, and optimal debulking status (when available) were recorded from the operative note or preoperative imaging. For assessing overall survival, date of death was obtained from the chart or querying the Social Security Death Index. Follow-up data was insufficient to calculate disease free survival.
Details from the pathology report were abstracted including histologic type, stage, grade, and laterality of the tumor. Histological subtype classification was reviewed for consistency by a single pathologist (WRW). Subtypes included serous borderline, mucinous borderline, serous invasive, mucinous invasive, endometrioid, and clear cell tumors. Transitional cell tumors or mixed serous and transitional tumors were counted as serous as were undifferentiated tumors. Mixed tumors described as "predominantly" one type or containing "focal" area of another were coded to the predominant type. Mixed endometrioid and clear cell tumors were included with endometrioid. Other mixed epithelial tumors, malignant Brenner tumors and unspecified epithelial were grouped as "other".
Statistical Methods
Geometric means (GM) and 95% confidence intervals (CI) for WBC, differential counts, and NLR in all ovarian cancer cases were calculated by enrollment features, tumor characteristics, and epidemiologic variables and compared by t tests, analysis of variance (ANOVA), or generalized linear models. Generalized linear models were used to compare epidemiologic variables with log-transformed WBC, differential counts, or NLR and all models were adjusted for histologic subtype, year of enrollment, and hospital. P-values for categorical (pcat) and trend (ptrend) variables were calculated with partial sum of squares Ftests. Trend tests were performed by modeling the medians of exposure categories as continuous variables. To examine potential effect modification by menopausal status, we performed likelihood ratio tests where a model including each exposure of interest and menopausal status was compared to a model with these terms and the interaction term between them. Spearman correlations of CA125 with total WBC and differential counts were calculated for all ovarian cancers and subtypes. Cox proportional hazard models (HR) were used to examine the association between CA125, WBC, differential counts, NLR and overall survival, adjusting for age, hospital, year of enrollment, histology, grade, stage, debulking status, smoking status, and BMI and, in a secondary model, additionally adjusting for CA125. A Wald test of the interaction term was used to calculate a p-value for interaction between each WBC parameter and CA125. All analyses were performed using SAS v9.2 (SAS Institute Inc., Cary, NC, USA).
Results
GMs for WBC, differential counts, and NLR by enrollment features and tumor characteristics are shown in Table 1 . Study type and year or site of enrollment did not influence neutrophil and lymphocyte counts or the NLR but year of enrollment influenced the monocyte count and hospital the basophil count. In general, lymphocyte counts were significantly lower and neutrophil counts and NLR significantly higher with more aggressive tumor features including higher tumor grade and stage, presence of ascites, and bilateral disease. Invasive serous and mucinous tumors had lower lymphocyte counts and higher neutrophil counts and NLR compared to their borderline counterparts. There were significant differences in means by histologic type of ovarian cancer for; total WBC, neutrophils, lymphocytes, monocytes, and NLR. For cases enrolled in the pelvic mass study and those in the most recent phase of the case-control study, pathologic review included greater effort to identify coexisting intraepithelial tubal neoplasia suggesting serous tumors with possible fallopian tube origin. NLR was greatest for those with primary peritoneal tumors and least for those with a likely tubal origin of their cancer.
Effects of epidemiologic factors on mean levels of WBC, differential counts, and NLR are shown in Table 2 . Jewish women had higher lymphocyte counts. Women who were heavier and had greater BMIs had higher total WBC, neutrophil, and monoctye counts, although the trend was not monotonic with women in the lowest and highest BMI and weight categories having higher counts than those in intermediate categories. Total WBC, neutrophils, lymphocyte, and basophil counts were significantly increased in current smokers and those with a greater number of pack-years. Lymphocyte counts were lower in women with 3 or more livebirths. Women with long term use of talc in the genital area had an elevated NLR. Some notable findings of borderline significance (0.05> p <0.10) included greater NLR with taller height, lower NLR with history of appendectomy, and lower WBCs and neutrophils with a history of puerperal mastitis.
Although menopausal status per se had no significant effects on WBC, differential counts, and NLR, we examined the associations in Table 2 stratified by menopausal status and found that the associations with several epidemiologic factors were more apparent when restricted to pre-menopausal women (Table 3) . Total WBC and neutrophil counts were significantly elevated in premenopausal women who were Jewish, heavier, and had a greater number of estimated ovulatory cycles. Lymphocyte counts were higher in heavier premenopausal women and the NLR was elevated in premenopausal women who were taller and had a greater number of ovulatory cycles. Premenopausal women who had a family history of breast or ovarian cancer had lower lymphocyte counts and greater NLR.
Mean CA125 levels and correlations between CA125 and WBC, differential counts, and NLR are shown in Table 4 . Among all cases, CA125 was positively correlated with total white blood count (r=0.24, p < 0.0001), neutrophil count (r=0.32, p<0.0001), monocyte count (r=0.24, p<0.0001), and NLR (r=0.42, p<0.0001), whereas an inverse correlation was observed with lymphocytes (r=−0.27, p<0.0001). These overall correlations largely reflect those found for invasive serous tumors-the predominant histologic type. However, positive (and generally significant) correlations between CA125 and the NLR were noted for each histologic type of ovarian cancer-being weakest for endometrioid tumors (r=0.25, p=0.07) and strongest for clear cell tumors ( r=0.59, p=0.001). Clear cell tumors were the only tumor type for which CA125 was significantly correlated (inversely) with basophils (r =−0.41, p=0.04) and eosinophils (r =−0.40, p=0.04).
Among the 519 cases in this study, 224 died and the median follow-up time was 5.7 years (range 1 month to 21 years). The influences of WBC, differential counts, and NLR on overall survival are shown in Table 5 . After adjustment for age, hospital, year of enrollment, histologic subtype, grade, stage, optimal debulking status, smoking status, and BMI, predictors of poorer survival included higher CA125 (HR=1.10 95%CI: 1.00-1.20, p=0.05), and NLR (HR=1.43 95%CI: 1.13-1.81, p=0·003), whereas higher lymphocyte counts predicted better survival (HR=0.56 95%CI: 0.40-0.80, p=0.001). Lymphocyte count and NLR persisted as significant predictors of survival after adjustment for CA125 and when cases were restricted to serous invasive (lymphocyte HR=0.60 95% CI: 0.42-0.85, p=0.005; NLR HR=1.37 95% CI: 1.06-1.76, p=0.02, data not shown). Interactions between CA125 and WBC parameters were not found to affect survival (data not shown).
Discussion
We examined pre-treatment WBC, differential counts, and the NLR among ovarian cancer cases in relation to tumor characteristics, epidemiologic factors, presenting CA125, and survival. Tumors with higher stage and grade were associated with higher NLR which, in turn, predicted poorer survival. Differential counts and NLR levels were also associated with epidemiologic factors such that, generally, factors that increase ovarian cancer risk were associated with higher NLR and factors that decrease risk with lower NLR. CA125 levels were inversely correlated with lymphocyte counts and positively correlated with neutrophil counts and the NLR. How these findings are supported by existing literature and what new insights about ovarian cancer they may contribute are discussed.
For many types of cancer, it is well established that an elevated NLR reflects more advanced stages of disease and larger tumors with more aggressive behavior. [3] For ovarian cancer, data on NLR is more limited. Cho et all found that NLR levels, measured before diagnosis, can identify CA125-negative cases and is more sensitive than CA125 in predicting both overall and disease-free survival. [8] Levels were also significantly elevated in ovarian cancer cases compared to those with benign gynecologic diseases or healthy controls. More studies have been done in relation to differential counts and ovarian cancer severity or prognosis. A higher neutrophil count, as well as total white blood cell count (WBC), and a lower lymphocyte count predict poorer survival. found that ovarian cancer cases had significantly decreased lymphocytes at diagnosis compared to lymphocyte levels measured two years prior to diagnosis and that the decline was greater in women with higher stage, ascites, and suboptimal debulking. [11] In agreement, we found significantly lower lymphocyte counts and higher neutrophil counts and NLR associated with greater tumor grade and stage, presence of ascites, and bilateral disease. The correlation between NLR and tumor aggressiveness at least partially explains why NLR correlates strongly with survival after cancer. Despite the evidence that NLR is a robust predictor of survival after many different cancers including ovarian, larger studies with greater detail on patient profiles, tumor features, and treatment will be necessary to demonstrate that the NLR is truly an independent predictor.
Besides tumor features, we found differential counts and the NLR correlated with several epidemiologic factors. Increasing age is a strong risk factor for cancer in general and is associated with decreasing lymphocytes. [15] However, in our study restricted to ovarian cancer cases, we did not see a clear correlation with age. Jewish women, especially if they were premenopausal, had higher WBC and neutrophil counts. Women with a BMI >30 had higher total WBC, neutrophil, and lymphocyte counts. Current smokers, especially those who smoked more, had higher total WBC, neutrophils, and basophils. BMI and smoking are known to produce pro-inflammatory states in which WBC, lymphocyte, neutrophil, and monocyte counts--all increase with increasing BMI or pack-years of smoking. [16] [17] Smoking cessation and weight loss are each associated with reduction of the leukocyte count and other measures of oxidative stress and inflammation. [6] [7] We observed lower lymphocytes and higher NLR among women of taller height. Height has been shown to be a factor that independently increases risk for various cancers in women, [18] including ovarian. [19] Genetic factors might play a role in these associations since about 80% of adult height may reflect inheritance. [20] One of the more interesting genes associated with height, especially in women, is LIN28B which is also associated with age at menarche. [21] [22] Overexpression of LIN28B in transgenic mice leads to inflammatory cytokine production and increased c-reactive protein.
[23] The positive correlation between height and NLR warrants further study looking for links with inflammation.
A greater number of estimated ovulatory cycles has consistently been found to increase ovarian cancer risk. [24] We found that neutrophil counts and the NLR increased with a greater number of ovulatory cycles, especially among premenopausal ovarian cancer cases. This would be consistent with the observation that a greater number of ovulatory cycles is an especially strong risk factor for premenopausal ovarian cancer.
[25] Long term use of talc use in genital hygiene is another factor consistently found to be associated with greater risk for ovarian cancer [26] and was associated with an elevated NLR in our study. Premenopausal women who had a family history of breast or ovarian cancer also had an elevated NLR as well as a lower lymphoctye count. Conversely, two findings of borderline significance were that oral contraceptive use in premenopausal women was associated with lower NLR, as was history of puerperal mastitis. The latter finding is of interest because we recently reported that puerperal mastitis may be associated with lower risk for ovarian cancer possibly through its ability to lead to anti-CA125 antibodies or antibodies against another mucin CA15.3.
[27] These antibodies may serve in immune surveillance to reduce risk for ovarian cancer. Thus, we have postulated that certain acute inflammatory events lead to protective anti-mucin antibodies and lower ovarian cancer risk whereas certain chronic inflammatory events lead to immune tolerance, lower anti-mucin antibodies, and increased risk for ovarian cancer which is mucinexpressing.
[28] [29] [30] Observations from this study that the same epidemiologic factors also influence NLR levels now provides a link with cellular immunity that had been lacking in our data based solely on humoral immunity-a link revealed by correlations between the NLR and CA125.
A correlation between NLR and CA125 has been described for endometriosis [31] but not ovarian cancer. In our study, CA125 was positively correlated with total white blood count, neutrophil count, monocyte count, and NLR, whereas an inverse correlation was found for lymphocytes. Similar correlations with CA125 were seen for most histologic types of ovarian cancer, but not all were significant. An inverse correlation between the lymphocyte count and CA125 was not found for endometrioid ovarian cancer which also had the weakest positive correlation with NLR. Subtype differences in these correlations are potentially important because they may reflect the types and levels of the (tumor) antigens being produced by each specific tumor subtype. Earlier we noted that the NLR is positively correlated with tumor mass. A larger tumor mass both produces more CA125 and growth factors, like CSF-I, stem cell factors, and certain cytokines like IL-10 that would enhance neutrophil production in proportion to CA125 [31] [32][33] and lead to the positive correlation with neutrophils. However, IL-10 while inducing a neutrophilia, also causes lymphopenia.
[34] The latter phenomenon, combined with the fact that some fraction of CA125 binds to certain lymphocytes and leaves the serum pool, are likely responsible for the negative correlation between lymphocytes and CA125. Binding of CA125 to lymphocytes may be mediated by the cell surface receptor, Siglec-9, and is capable of down regulating tumor immunogenicity. [13] Thus, CA125 appears to be much more than a passive tumor marker for ovarian cancer, but may actually be driving both its pathogenesis and progression through interaction with leukocytes. Lymphocyte count and CA125 binding might also explain why certain epidemiologic factors, like BMI and parity, might influence CA125 levels in both ovarian cancer cases and in the general population. [14] Our interpretation of the observation that epidemiologic factors increasing risk for ovarian cancer also raised the NLR (e.g. tall stature, ovulatory cycles, use of talc in genital hygiene) is that the underlying inflammatory states associated with these factors are also capable of producing leukocyte stimulating and inhibitory factors just as the tumor mass itself. Links between inflammation and hematopoietic cell growth factors have been postulated by Hamilton.
[35] These observations reinforce the role of the NLR as a general marker of oxidative stress, which may be equally important to its role as a prognostic factor. A better understanding of the connections between neutrophila, lymphopenia, NLR, and cancer risk factors may contribute new ideas regarding the pathogenesis, prevention, and early detection of ovarian cancer. This will require that additional comprehensive studies of the preoperative level of NLR in cases, as well as in healthy controls, be performed in order to determine whether the observations made here for ovarian cancer cases can be confirmed and extended to healthy women. If so, this would point to fundamental and important physiologic relationships that connect inflammation, immunity, leukocyte subpopulations, and CA125. These studies should be comprehensive in nature and also include measurement of another important mucin tumor antigen, CA15.3 (MUC1), as well as antibodies against both CA125 and CA15.3. An additional avenue of research would be to link peripheral counts and the NLR with lymphocytes and macrophages found in the tumors themselves.
Aside from the fact that our study was restricted to cases, there are other potential limitations. Because this study is the first to examine multiple epidemiologic features in ovarian cancer cases in relation to differential counts, chance is a possible explanation for some findings. Thus, of 154 associations explored in Table 2 , about 8 significant associations might be expected by chance alone--18 were observed, most of which have prior support in the literature. A very conservative p value corrected for multiple testing would be about p=0.0003 but using that cutoff comes at the expense of false negatives and does not ensure only valid associations are reported. Thus validation can only come from new studies looking at the NLR. Our study population is composed primarily of Caucasian women, so we are not able to generalize our results to other ethnic groups that may have different leukocyte profiles compared to Caucasians. Also, there is an obvious exception to our "rule" that factors that increase or decrease ovarian cancer operate in the opposite manner on the NLR. Higher parity lowers risk for ovarian cancer but, in our study, led to slightly lower lymphocyte counts and slightly higher NLR. It may be necessary to look at differences in lymphocyte subpopulations between nulliparous and multiparous women to clarify the nature of this exception. Such studies may inform how having children acts to lower risk for several cancers. Because we observed some variation in basophil and monocyte counts by year of study and hospital, laboratory variation may need to be standardized in future studies. However, we adjusted for enrollment features in analysis of the data related to neutrophil counts, lymphocyte counts, and the NLR.
In summary, we believe these are exciting new observations about the NLR and how it may correlate with both risk factors for ovarian cancer and CA125 expressed by those cancers. Confirmation of these findings in a new set of ovarian cases and confirming whether these associations pertain to healthy controls should be a high priority for ovarian cancer research and may have wide applicability to other cancers as well. 
Highlights
• Peripheral blood neutrophil-to-lymphocyte ratio (NLR) is a general measure of inflammation
• NLR signals more aggressive disease and correlates with ovarian cancer risk factors and CA125
• These links with NLR may provide new clues about the pathogenesis and progression of ovarian cancer Table 1 Tumor features in relation to WBC parameters and NLR. Table 2 Epidemiologic determinants of WBC parameters and NLR among all ovarian cancer cases. Epidemiologic determinants of WBC parameters and NLR among premenopausal women. * p for heterogeneity from likelihood ratio test is significant (<0.05) 1 These data are available for case-control study cases only 2 Number of ovulatory cycles was estimated by multiplying "ovulatory years" by number of cycles per year based on a woman's self reported cycle length (if available) or 13, if not, based an average cycle length of 28 days. Ovulatory years for each woman was calculated by subtracting age at menarche, 1 year for each term pregnancy, duration of oral contraceptive use, and breastfeeding from age at menopause (or age if premenopausal). Table 5 Relative risks of overall survival by log transformed CA125, WBC, differential counts and NLR among all cases. 
